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COMPLAINT 

Plaintiff EBI Food Safety B.V. (hereinafter "EBI") for its complaint against defendant the 
Honorable John J. Doll, states as follows: 

1 . This is an action by the owner of United States Patent No. 7,438,901 , seeking review of 
inaccurate and erroneous patent term adjustment calculations made by the United States 
Patent & Trademark Office ("PTO"). Specifically, this is an action by Plaintiffs under 35 
U.S.C. § 154(b)(4)(A) seeking a judgment that the patent term adjustment of 258 days 
calculated by the PTO for the '507 patent should be corrected to 583 days. 

2. This action arises under 35 U.S.C. § 154 and the Administrative Procedure Act, 5 U.S.C. 
§§701-706. 
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I. THE PARTIES 

3. Plaintiff EBI is a company operating under the laws of The Netherlands. EBI is located at 
Johan v. Oldenbameveltlaan 9, 2852 NE Den Haag, The Netherlands. 

4. Defendant John J. Doll is the Acting Under Secretary of Commerce for Intellectual Property 
and Acting Director of the United States Patent and Trademark Office. Defendant is sued in 
his official capacity. 

II. JURISDICTION AND VENUE 

5. This Court has jurisdiction over this action and is authorized to issue the requested relief to 
PlaintifTs pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1361; 35 U.S.C. § 154(b)(4)(A) and 5 
U.S.C.§§ 701-706. 

6. Venue is proper in this district pursuant to 35 U.S.C. § 1 54(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. § 154(b)(4)(A) and FRCP 
6(a)(3). 

III. BACKGROUND 

8. The '901 patent issued to EBI on October 21, 2008, based on patent application number 
10/516,507 which entered the national stage under 35 U.S.C. § 371 December 1, 2004. The 
'901 patent is attached hereto as Exhibit A. 

9. Plaintiff EBI is the owner of the invention claimed in the '901 patent, and is the real party in 
interest in this case, as reflected in the assignment records of the USPTO at Reel 01647, 
Frame 0859, and Reel 017456, Frame 0547. 

10. When the USPTO issued the '901 patent on October 21 , 2008, it erroneously calculated the 
entitled patent term adjustment for the '901 patent as 258 days. Had the USPTO calculated 
the entitled patent term adjustment properly, the '901 patent would be entitled to 703 days of 
patent term adjustment. 
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1 1 . The errors in the USPTO's patent term adjustment calculations are detailed in a recent order 
from the U. S. District Court for the District of Columbia in an action titled Wyeth v. Dudas, 
580 F. Supp. 2d 138 (D.D.C. Sept. 30, 2008) where the Court granted summary judgment 
against the USPTO, holding that the USPTO's patent term adjustment calculation 
methodology was erroneous as a matter of law and inconsistent with the Patent Statute. 

1 2. The correct patent term adjustment methodology identified in the prior Wyeth v. Dudas 
action governs the USPTO's calculation of patent term adjustment for Plaintiffs '901 patent. 

IV. COUNT I: ILS. PATENT NO. 7,438,901 

13. Plaintiff incorporates by reference the allegations in paragraphs 1-12 above, as if fully set 
forth herein. 

14. During prosecution of the '901 patent, the patent owner accrued 468 days of patent term 
adjustment under 35 USC § 154(b)(1)(A), and accrued 325 days of patent term adjustment 
under 35 USC 154(b)(1)(B). 

15. Under the PTO's interpretation of 35 USC § 154, all PTA accrued under 35 U.S.C. § 
154(b)(1)(A) and all PTA accrued under 35 USC § 154(b)(1)(B) inherently overlaps and, thus, 
it has been the PTO position that a patent holder is only eligible for the larger of these two 
amounts of PTA, 468 days. For the '978 patent, the PTO erroneously limited the patent term 
adjustment for the '901 patent to 258 days (see calculation in paragraph 21, below), as shown 
on the face of the '901 patent. 

16. In view of a recent decision from this Court (Wyeth v. Dudas, supra), all days on which 35 
USC 1 54(b)( 1 )(A) or 35 USC 1 54(b)(1)(B) apply should accrue patent term adjustment for 
the '901 patent. 

1 7. Each day from the day after February 1 , 2006 (14 months from the National Stage Entry) 
through to the issuance of a Non-Final Office Action on January 17, 2007, of 350 days, plus 
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the additional delay under 1.702(a)(2) from June 16, 2007 (four months following the date a 
response was filed) to October 12, 2007 (date of next official notification under Section 132) 
of 1 1 8 days, qualify for patent term adjustment under 35 U.S.C. § 1 54(b)( 1 )(A), a total of 
468 days. 

1 8. Furthermore, each day from the day after December 1 , 2007 (3 years from meeting all 35 
USC 371 Requirements on National Stage entry of PCT application PCT/US03/21061) 
through to the issuance of the patent on October 21, 2008, qualify for patent term adjustment 
under 35 U.S.C. § 154(b)(1)(B), a total of 325 days. 

19. Under the interpretation of this Court {Wyeth v. Dudas, supra), there is no overlap between 
the time periods of delay calculated under 35 U.S.C. § 154(b)(1)(A) ending on October 12, 
2007, and 35 U.S.C. § 154(b)(1)(B) period, beginning on December 1, 2007, and the total 
PTO prosecution delay is accordingly 468 + 325 = 793 days, minus any period attributed to 
disclaimed term or applicant's delay 35 U.S.C. § (154(b)(2)(B) or (C). 

20. The PTO held that there was a total applicant prosecution delay of 2 1 0 days under 35 USC 
154(b)(2)(B) or (C). However, the total applicant delay should have been 90 days (the period 
of time from January 12, 2008, which was three months after issuance of a non-final 
rejection, and April 11, 2008, which was the date a response to the non-final rejection was 
filed). The additional 120 days calculated by the PTO is unjustifiable by 35 USC 154 
(b)(2)(B) or (C) or by 37 CFR § 1 .704. Accordingly, the total applicant prosecution delay 
should have been 90 days. 

21 . Under the PTO's interpretation, the PTO had calculated an erroneous patent term adjustment 
of468-210 = 258 days. 
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22. However, the correct overall Patent Term Adjustment accrued by the patent holder is 793-90 
= 703 days, and the patent holder accordingly requests 703 - 258 = 445 ADDITIONAL 
days of Patent Term Adjustment. 

WHEREFORE, Plaintiff respectfully prays that this Court: 

A. Issue an Order changing the period of patent term adjustment for the '901 patent term 
from 258 days to 703 days and requiring Defendant to alter the terms of the '901 patent to reflect the 
703 days of actual patent term adjustment due the '901 patent. 

B. Grant such other and further relief as the nature of the case may admit or require and 
as may be just and equitable. 

Dated: April 20, 2009 



Address for mail: 

BROWDY AND NEIMARK, P.L.L.C. 
624 Ninth Street, NW 
Washington, DC 20001 
(202) 202-628-5197 



Respectfully submitted, 



Roger L. Browdy (DC Bar No. 1 64^23 1) 
Ronni S. Jillions (DC Bar No. 375,817) 
BROWDY AND NEIMARK, P.L.L.C 
624 Ninth Street, N.W. 
Washington, DC 20001 
Tel.: (202)628-5197 
Fax: (202)737-3528 
Email: rlbrowdv@browdvneimarlc.com 




rsi illionsfgjbrowdyneimark.com 



Attorneys for Plaintiff 
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(54) VIRULENT PHAGES TO CONTROL LISTERIA 
MONOCYTOGENES IN FOODSTUFFS AND IN 
FOOD PROCESSING PLANTS 

(75) Inventors: Martin Loessner, Binz (CH): Richard 
M. Carlton, Port Washington, NY (US) 

(73) Assignee: Exponential Blotherapies, Inc., Port 
Washington, NY (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
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(21) Appl.No,: 10/516^07 

(22) PCT Filed: Jul. 7, 2003 
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(57) ABSTRACT 

The present invention relates to virulent (lytic) Listeria mono- 
cytogenes phage from the Myoviridae family, preferably 
Pi 00, alone or in combination with other virulent phages. 
P100 and the endolysin from PI0O can be administered to 
food products, to the components that will be added to food 
products, and/or to the infrastructure of the food processing 
plants within which such food products are processed, or the 
containers or wraps in which such foods are stored and/or 
shipped, in order to reduce Listeria monocytogenes contami- 
nation. PI 00 can also be used in the present invention to 
identify Listeria monocytogenes bacteria present on (or 
within) foodstuffs, as well as those Listeria monocytogenes 
bacteria present in the equipment or the general environment 
of the food processing plants in which the foodstuffs are being 
processed and in animals infected with Listeria monocytoge- 
nes. The phage and the endolysin of the present invention can 
also be used to treat animals infected with Listeria monocy- 
togenes. PI 00 will kill the bacteria that are within its host 
range with great efficiency and will propagate to high liter 
thereon. P 1 00 can be combined with other lytic phage, and/or 
with other antimicrobial agents to reduce or eliminate List- 
eria. 

19 Claims, 3 Drawing Sheets 



Case 1 :09-cv-00726-CKK Document 1-3 Filed 04/20/2009 Page 3 of 12 
U.S. Patent Oct. 21,2008 Sheet 1 of 3 US 7,438,901 B2 



1.00E+09-1 

1.00E+08- 
1,00E+07- 
1,00E+06- 
1.00E+05- 
1.00E+04- 
1,00E+03 - 
1.00E+02- 
1,G0E+01 - 
1.00E+00 



□ PHAGES 
■ NO PHAGES 



LM COUNT <1!! 




FIG. 1 



Case 1 :09-cv-00726-CKK Document 1-3 Filed 04/20/2009 Page 4 of 12 
U.S. Patent Oct. 21, 2008 Sheet 2 of 3 US 7,438,901 B2 




CMD+1 CMD+6 CMD+10 CMD+13 CMD+16=PD PD+21 



FIG. 2 



Case 1 :09-cv-00726-CKK Document 1-3 Filed 04/20/2009 Page 5 of 12 
U.S. Patent Oct. 21,2008 Sheet 3 of 3 US 7,438,901 B2 



(PFU/C) 


1.00E+08 -1 


1.00E+07 - 


» — 

0 
0 


1.00E+06 - 


uj 

CD 
<C 

of 


1.00E+05 - 




1.00E+Q4 - 



□ BEFORE SMEARING 
■ AFTER SMEARING 




HIGH DOSE 

FIG. 3 



LOW DOSE 



Case 1 :09-cv-00726-CKK Document 1 -3 Filed 04/20/2009 Page 6 of 1 2 



US 7,438,901 B2 

1 2 

VIRULENT PHAGES TO CONTROL LISTERIA in food products. The reason for this is that all of the Listeria 

MONOCYTOGENES LN FOODSTUFFS AND IN phages known in the art at the time of the disclosure in the 

FOOD PROCESSING PLANTS previous patents were temperate phages, and were therefore 

not efficient at nor suitable for industrial bacterial eradication 

CROSS REFERENCE TO RELATED 5 purposes. The term temperate" refers to the fact when a 

APPLICATION strain of phage injects its DNA into a bacterial target, the 

phage DNA integrates into the DNA of the host cell, as a 
This application is a 35 USC § 371 National Phase Entry "prophage", and can remain integrated therein for consider- 
Application from PCT/US03/2 1 061 , filed Jul. 7, 2003, and able periods of time. Since the prophage excises (and initiates 

designating the U.S., which claims priority from provisional to replication and lysis) only when the host cell becomes 
applications 60/393,842 and 60/393,841, both filed Jul. 8. stressed, the ensuing bacterial lysis is unpredictable and not 

2002. easily controlled, which is why temperate phages do not lend 

themselves well to industrial applications. Temperate phages 

BACKGROUND OF THE INVENTION are unsuitable for industrial decontamination purposes for 

15 other reasons as well, including the fact that they can deliver 

1. Field of the Invention unwanted and dangerous genes to the bacteria target into 

'Ihe present invention relates to the use of a particular class which their DNA integrates. In contrast, there is a class of 

of bacteriophages ("phage") known as virulent phages that phages that lyse bacterial targets directly, given that they do 

are lytic for the bacterial species Listeria monocytogenes, and not have the molecular machinery required to integrate into 

which is shown in the present invention to reduce the counts 20 the bacterial targets. Such phages are referred to as being 

of these bacteria and/or to prevent their growth in the first 'Virulent" or "lytic" for the bacterial targets. Virulent phages 

place, and to be useful for identifying Listeria monocytoge- against Listeria monocytogenes were discovered recently, by 

»«, in foods products (including but not limited to the dairy one of the present inventors. 

industry) as well as on processing equipment and other sites The first of these virulent Listeria phages, designated 

in food industry facilities, and as a therapeutic agent for 2 5 A5 11, was described in the literature in 1990 (see Loessneret 

treating animals infected with Listeria monocytogenes. One al., Applied and Environmental Microbiology, Jun. 1 990, p. 

specific example of a virulent Listeria monocytogenes phage, 1912-1918, 1 990). See also DE 43 266 17 C; I x>essner et al M 

is a phage designated PI 00, recently discovered by one of the Applied and Environmental Microbiology, April 1 996, vol 

present inventors. The present invention also relates to an 62, No. 4 f p. 1 133- 1 140: and Gaeng et al., Applied and Envi- 

endolysin produced by PI 00 and the use of the endolysin for 30 ronmcntal Microbiology, July 2000, vol. 66. No. 7, p. 2951 - 

reducing the amount of Listeria monocytogenes in foods 2958 The virulent phage according to the present invention 

products as well as on processing equ ipment and other sites in belong to the Myovirdae family and have tails which contract 

food industry facilities, and in or on animals infected with towards the virus head. One particularly preferred phage is 

Listeria monocytogenes and to methods that will enable addi- designated PI 00 and was deposited at the American Type 

lional phage that have lytic properties to be developed and/or 35 Culture Collection, 10801 University Blvd., Manassas Va. 

isolated 201 J 0-2209 on May 23, 2002, 2002, ATCC patent deposit 

Phages, as antibacterial agents, have the advantage of rep- designation number PTA-43R3. 

li eating within the bacterial target. Thus, when their progeny 1 ne virulent phages described in the present invention can 

lyse the cell and escape into the extracellular milieu, they can also be used against CFUs (colony forming units) of Listeria 

infect and multiply in succeeding generations of bacteria, 40 monocytogenes bacteria that arc in biofilms, as opposed to 

producing progeny levels far greater than that of the binary CFUs that are planktonic. The use of temperate Listeria 

growth of the target bacteria, thereby increasing the phage monocytogenes phages against Listeria biofilms has been 

population exponentially in numbers at the expense of the described in the literature (see e.g. Roy et.al.,Appl. Environ, 

bacterial targets Microbiol., September, 59(9):2914-7, 1993). Specifically, 

The concept of using phages to identify bacterial contami- 45 Roy et. al. used temperate Listeria bacteriophages H387, 

nation in food products {and facilities, equipment}, in gen- H387-A, and 2671 of the Siphoviridae family. While these 

eral, has been described in the scientific literature (see, e.g. temperate phages demonstrated some efficacy in clearing a 

Greer, J. Food Prot. , 49 : 1 04- 1 09, 1 986) . The concept of using Listeria biofilm, even when used in combination the best they 

specific Listeria phages in particular, to identify Listeria con- could obtain was a 3.5-3.7 log reduction in counts. Roy et al 

lamination of dairy products and facilities/equipment in spe- so indicates that such reductions "will have to be improved on to 

cific, was described as early as 1 990 (Locssner el. al., Applied meet the recommended reduction level of 99.999% in a 30-s 

and Environmental Microbiology, Jun. 1990, p 1912-1918). exposure for a chemical sanitizing agent". As stated above, 

The present invention concern the use of a recently discov- temperate phages are not predictable or readily controllable 

ered Listeria phage with specific, essential and relevant prop- in the timing of or efficiency with which they can kill the 

erties, which makes it particularly suitable for identifying and 55 target bacteria. 

controlling Listeria contamination of dairy products, facili- In addition to the use of the virulent phages described 

tics and equipment. above, the present inventors have also found that virulent 

In addition to the general scientific literature on the subject, substrains can be derived from a number of temperate phage 

there is also potent literature that teaches the utility of phages strains. These virulent substrains can be selected by tech- 

in genera! to control bacterial contaminations in food pro- on niques such as plaque isolation (in which one selects the 

cessing plants and in foodstuffs. Sec for example U.S. Pat. clearest areas of a plaque, and enriches for the most virulent 

No. 5.006,347 issued onApr. 9, 1991, U.S. Pat. No. 4,851,240 strains therein by repeated cycles of growing to high titer, 

issued on Jul. 25, 1989, GB 2 253 859 A published on Sep. 23, plating for new plaques, and picking the clearest areas of the 

1 992 and liP 0414304A2 published on Feb. 27, 1991 . How- later-generation plaques). Examples of temperate phage 

ever, none of the above discussed patents disclose a Listeria 65 strains, from which virulent substrains have been or will be 

phage which was actually tested and shown to successfully developed, include the temperate strains designated A 118, 

control bacterial contamination in food processing plants and A502, A006, A500, PSA. P35, and related \iwses. 
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The detection of Listeria is carried out in a known manner 
by means of procedures based on the culture of the microor- 
ganisms. The procedure described in Int. J. Food Microbiol. 4 
(1987), 249-256 takes two weeks. A somewhat more rapid 
procedure is recommended by the International Dairy Foun- 
dation (IDF); however it takes at least 6-8 days. Because of 
their length, both procedures arc unsuitable for a rapid iden- 
lification, 13oth procedures are moreover labor-intensive, as 
for the production of individual colonies nutrient media have 
to be inoculated several times, and as the isolates then have to 
be characterized by means of biochemical and serological 
investigation methods. 

A prerequisite for the use of immunological tests is that the 
antigen is expressed, which is not the case for all proteins at 
any time The tests admittedly last only a few hours, but in 
these procedures a two-day prc-enrichment culture is needed, 
as the detection limit is 10-1 OOOx 10 3 cells. DNA probes have 
a detection limit of the same order of magnitude. A prior 
multiplication of the bacteria is therefore also necessary for 
these procedures: foodstuff samples or dilutions thereof are 
streaked out on agar plates, and the inoculated plates are 
incubated and then investigated in the colony hybridization 
procedure using a radio-labelled DNA probe. Detection is 
carried out by autoradiography. This method too is moreover 
labor and time-consuming. 

The polymerase chain reaction (PGR) allows the in vitro 
replication of nucleic acids; a preculture is in general not 
necessary in this procedure. The detection limit is 0.5x10° 
cells. As, however. DNA from dead cells or alternatively 
isolated DNA is also replicated in this procedure, contamina- 
tion with dead cells cannot be differentiated from contami- 
nation with living cells. 

The limitations of these methods indicate the need to pro- 
vide improved agents and methods for the detection of bac- 
teria of the genus Listeria. 

RP 0 1 68 933 (U.S. Pat. No. 4,86 1 ,709) discloses a detec- 
tion procedure for bacteria, e.g., Escherichia coii, based on 
the use of a recombinant bacteriophage. This phage contains 
the lux gene from Vibrio fischeri and thus makes possible the 
detection of E. coli by bio luminescence with a good detection 
limit (0.5x1 0 3 cells). Using temperate phages, G. J. Sarkis et 
al. ( 1 995) Molecular Microbiology 1 5, 1 055-1 067 describe a 
detection procedure for mycobacteria. In these detection pro- 
cedures, only metabolically active bacteria) cells are 
detected; interference due to dead bacterial cells as in the PCR 
technique does not occur 

Scherer, et al., U.S. Pat. No. 5,824,468, issued on Oct. 20. 
1 998 describes a detection procedure for bacteria of the genus 
Listeria, where a DNA vector is prepared which includes a 
genetic system comprising DNA which encodes the expres- 
sion of one or more detectable proteins, and a DNA vector 
A5 1 1 is used which specifically infects the bacteria of the 
genus Listeria and transfers the genetic system to the bacteria. 
The detectable proteins are expressed in the bacteria and 
detection of the detectable proteins indicates the presence of 
bacteria of the genus Listeria. 

Phage-encoded rysins or endolysins are highly active 
enzymes which hydrolyze bacterial cell walls. These phage 
encoded cell wall lytic enzymes are synthesized late during 
virus multiplication and mediate the release of progeny viri- 
ons. Endolysins can be used to lyse Listeria cells to recover 
nucleic acids or cellular protein for detection or differentia- 
tion. The endolysin can also be used to treat animals (includ- 
ing humans) which are infected with Listeria and to treat 
surfaces which may be contaminated with Listeria. Lysins 
from Listeria phages (Al 18, A500 and A51I) have been 
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cloned and purified (Ix>essner, et al.. Applied and Environ- 
mental Microbiology, August 1996, p. 3057-3060). 
2. Description of the Related Art 

Listeria monocytogenes is a bacterial pathogen that con- 
5 taminates many food products, the list of which includes but 
is not limited to soft cheeses, pates, ice cream, smoked and 
cured fish, frozen seafood, salads, and processed meats. 
When ingested, these bacteria can produce a disease termed 
listeriosis, characterized by a variety of symptoms and con- 
10 ditions, including diarrhea, abortion, and encephalitis. Col- 
lectively, in the industrialized nations, hundreds of deaths 
occur each year as a result of Listeria monocytogenes food 
contamination. 
The food processing industry has not been sufficiently 
IS successful in eradicating Listeria monocytogenes bacteria 
from the environment of the processing plants. As a result, 
even foods that have been pasteurized at temperatures high 
enough to kill these bacteria nevertheless become contami- 
nated, post-pasteurization. The bacteria gain access to the 
20 foodstuffs through one or more routes, including (i) from the 
raw materials (e.g. raw milk, and/or milk that has been pas- 
teurized at low temperatures); (ii) from the processing 
machinery (in and on which the bacteria can grow as biofilms 
that are difficult to eradicate ); and (iii) from airborne bacteria 
25 present in the plant environment which can settle onto the 
surface of the foodstuffs during curing, packaging, and so on. 

Despite the numerous methods used in the food industry to 
control and prevent L. monocytogenes contamination, the 
bacteria gain access to and persist in the environment of food 
30 processing plants. Moreover, they survive the very high con- 
centrations of salt that are present in several food-making 
processes. The resulting contamination of the foodstuffs (in- 
cluding but not limited to cheeses, pates, cold cuts, hot dogs 
and other processed foods) leads to scores of deaths each year 
35 in developed nations, and also to product recalls whose retail 
worth each year, in the aggregate, is measured in the hundreds 
of millions of dollars. 

The methods currently in use to control Listeria in the food 
industry include; (i) pasteurization of primary ingredients 
40 (e.g. milk) and heat treatment of the products, which is often 
unsuccessful because recontamination frequently occurs and 
many products cannot undergo a final (listeriocidal) heat 
treatment; (ii) application of physicochemical agents such as 
disinfectants, enzymes, antibiotics, etc., which experience 
45 has shown do cot reduce the bacterial counts sufficiently; and 
(iii) attempts to break up biofilms mechanically, which leave 
sufficient residues of bacteria behind that the foodstuffs still 
become contaminated. 
Additional methods roust therefore be made available to 
so the food processing industry in order to protect the health of 
consumers, and to reduce the exposure of numerous compa- 
nies to the great cost and the loss of good will that result from 
such contaminations and recalls. 
The present inventors have conducted a series of experi- 
55 ments using a strain of L. monocytogenes that is prevalent in 
the processing plant of a particular manufacturer of soft 
("spread") cheeses. That bacterial strain proved to be suscep- 
tible to phage PI 00 in vitro. As will be shown in the Examples 
section, phage PI 00 proved able to reduce below measurable/ 
no detectable limits the Listeria bacteria that had been spiked 
into a cheese- like matrix. 

SUMMARY OF THE INVENTION 

65 Virulent phage P 1 00, as well as other virulent phages from 
the Myoviridac and Siphoviridae families, and virulent 
mutants of various temperate strains of phage (such as but not 
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limited to phages B054. Al 18, A502. A006, A500, PSA, P35 (inevitably lytic). It is a rayovirus of complex construction, 

and related viruses) are used in the present invention to con- With respect to essential features, the Listeria phage PI 00 

trol Listeria monocytogenes bacteria present on (or within) differs from many known Listeria phages; the differences 

foodstuffs, as well as those Listeria monocytogenes bacteria re [ a t e to morphology, host range, protein profiles (electro, 

present in the equipment or the general environment of the 5 phoresis in SDS gel, isoelectric focusing, amino acid compo- 

food processing plants in which the foodstuffs are being s j tiol) 0 f me main structural proteins, DNA/DNA hybridra- 

proccssed. These phage can also be used to treat animals t ion) 

infected with Listeria .monocytogenes. For of the ce of bacterja of , he 

Vindent phage P100 .s used in the present mvenfon to /.„ rena , marker get^ are empk>yed. These are genes which 

jdenufy Luuna monocytogenes bactena present on (or to a}*40m*vv*)*K*m.h, the vector ofa suitable host 

w,thm) foodstuffs as well as those Ustena monocytogenes ce| , ^ wtaeqoen , m)twiDji of ^ celI$ ^ conditions 

b^enapresent m the equipment or me general environment 5uitabh: for express.onof the marker genes. It is preferred that 

ofthcfoo4proccssu^pant^ tomuker genes arethose which do not occur ii the bacteria 

processed and .n animals mfected w,th U*ena monocytoge- of(he Listeria , and which are inserted into the vector, 

nes. In the present mvenfon, a recomb.nant DMA vector is is ^ £ p)(x) ^ recombinant techniques. Such genes 

prepared using ymilent phage P100 which is specific for ^ m ^ . ^ ^ ^ 

LMena monocytogenes^ vector includes a genetic sys- b j uluminc | ceal ^ n>tcins such as u, e , ux gene whichoccurs in 

T^S^SS , whKh f?l odes me expressmn of one or variants .„ ^ , uminesC ent bacteria, for example of the 

more detectable proteuis which are not a gene product of The incorporation of the lux gene allows detec- 

Listeria monocytogenes. The DNA vector infects the bactena 20 ? u 1 .a 1 1 

f . r r * , ' ' , tion by luminescence measurement. An example of the lux 

hL^f Ee r Z I^T T* * 6 '° * e 8™ * Sene luxAB from Vibrio horveyi. Other suitable pro- 

Z Z 'ESSE of W! '^.^P^^ *. eb f c(e " 8 feins include but are not limited to luciferase and fluorescent 
ana the detection of the detectable proteins indicates the . . , n » 

presence of bacteria of the genus /, prcteinS as ^ n fluorcsCent P ro,em ' 

An endolysin derived from P100 is used to reduce the 25 ^ ^ iecXi0n reaction can take place on a solid surface 

counts of Listeria monocytogene* and/or to prevent their including but not limited to a test stnp. In this embodiment, 

growth in the first place, in foods products (including but not the vecIor coining the marker 2 ene couId te rcversihly 

limited to the dairy industry) as well as on processing equip- immobilized in or downstream from a sample application 

ment and other sites in food industry facilities, and as a zonc - Alternatively, the vector could be incubated with the 

therapeutic agent for treating animals infected with Listeria 30 sam P ,e P nor to application on the test strip. Anti-listena 

monocytogenes. Endorvsins from Listeria phages have high ^bodies would be irreversibly immobilized downstream 

substrate specificity and almost exclusively lyse Listeria from ^ vector 30(1 the sam P Ie aPP^ation *h«. If a sample 

cc ] is, * is app] ied which contains Listeria, the vector would infect the 

The present invention is directed to the use of a class of Usteria and ^ d*^ 0 * 6 P^eins would be expressed. As 

Listeria monocytogenes phages which are particularly suit- 35 moves down test m V> me Listeria would 

able for bacterial control methods and for the detection of ^onie immobilized by the an\i-listeria antibodies. The 

Listeria monocytogenes. The phage are preferably from the P mtems would then be detected in the immobilized 

Myoviridae family and are viru lent against Listeria monocy- Listeria. 

togenes strains of serovar 1/2. In addition, the present inven- Tne endolysin of the present invention can be isolated by 

lion isolates virulent mutants of temperate strains and uses 40 techniques known in the art including but not limited to lysis, 

those specific mutants in the control of bacterial contamina- chromatography, filtration, and centrifugation. The endolysin 

tion of foodstuffs and of food processing plants. can be isolated from Listeria which have been incubated with 

P 100 or the endolysin can be cloned and expressed in a host 

BRIEF DESCRIPTION OF THE DRAWINGS bacteria (e.g. E. coli, L. lactis, S. aureus, and B. cereus). The 

45 endolysin can be isolated from the host bacteria or the host 
FIG. 1 shows that when Listeria monocytogenes is inocu- bacteria containing the endolysin can be directly applied or 
latedat 10 3 CPU per ml of liquid culture and phages added at administered without isolation of the endolysin. For example, 
0 concentration of 5x 1 0 8 PFU per ml — virtually complete a host bacteria which produces the endolysin could be admin- 
eradication of the Listeria bacteria occurs. istered to an animal or applied to a surface where the endol- 
FIG. 2 shows that applying phage PI 00 to the surface of a so ysin would be secreted into the food, onto the surface or into 
surface-ripened cheese completely prevented outgrowth of the animal' s gut. The endolysin can then attack Listeria cells 
Listeria monocytogenes that had been spiked into the starter present in this environment. One unit of endolysin activity is 
culture. denned as the amount of endolysin necessary to decrease the 
FIG. 3 shows phage titers on cheese (PFU/cm 2 ). optical density at 600 nm by 0.01/min. at pH 8.0 and 25° C. in 

55 a volume of 1 ml, when heat -killed, washed cells of Usteria 

DESCRIPTION OF PREFERRED monocytogenes are used as a substrate. 

EMBODIMENTS The above-referenced endolysin, host bacteria containing 

the endolysin and/or phage is applied on or into food prod- 
By "vector" is meant a nucleic acid molecule that is ucts, and/or into various physical sites within the food pro- 
capable of self-replication when introduced into a suitable 60 cessing plants, by a number of means including, but not 
host cell. In general, the vectors used as starting materials for limited to, admixing the endolysin, host bacteria containing 
the recombinant vectors of the present invention are bacte- the endolysin and/or phage into the food products, spraying 
riophages which are highly specific, and preferably abso- the endolysin, host bacteria containing the endolysin and/or 
lutely specific, for infecting bacteria of the genus Listeria, phage onto the foodstuffs, spraying the endolysin, host bac- 
and wherein the recombinant vectors retain that specificity. 65 teria containing the endolysin and/or phage onto the plant 
For example, a suitable vector is the Listeria bacteriophage equipment, and/or directly applying the endolysin, host bac- 
P100, which specifically lyscs bactena of the genus Listeria teria containing the endolysin and/or phage to the plant equip- 



Case 1 :09-cv-00726-CKK Document 1-3 Filed 04/20/2009 Page 9 of 12 



US 7,438,901 B2 

7 8 

ment. Said applications significantly reduce the numbers of known surfactants when used to treat food processing equip- 

Listeria monocytogenes bacteria that would otherwise be ment. lite surfactant helps to wet the surface so that the phage 

present. are properly distributed over the various surfaces, and to 
The phage, endolysin and/or host bacteria containing the solubilize and remove dirt so that the Listeria are accessible to 

endolysin of the present invention can also be used to treat 5 the phage. Suitable surfactants include but are not limited to 

animals, including humans, infected with Listeria monocyte- Tween 80, 20 and 81 and Dobanols. 

genes. Any suitable route of administration can be used to , . . ~. 

administer the phage including but not limited to: oral, aero- °' Bacteriophages Specific for Bacterial Contaminants Other 

sol or other device for delivery to the lungs, nasal spray, Uian Listeria monocytogenes 

intravenous, intramuscular, intraperitoneal, intrathecal, vagi- 10 The phage, endolysin and/or host bacteria containing the 

nal, rectal, topical, lumbar puncture, intrathecal, and direct endolysin of the present invention can be combined with 

application to the brain and/or meninges. Hxcipients which P^age specific for Listeria monocytogenes and/or phage spe- 

can be used as a vehicle for the delivery of the phage, endol- c » fic for other bacteria known to contaminate food processing 

ysin and/or host bacteria containing the endolysin will be equipment and food products. Such bacteria include but are 

apparent to those skilled in the art. For example, the free is not limited to E. coli, and bacterial species from the genera 

phage, endolysin and/or host bacteria containing the endol- Salmonella, Bacillus. Staphylococcus, Streptococcus, 

ysin could be in lyophilized form and be dissolved just pnor Clostridium, and Pseudomonas. 

to administration by IV injection The dosage of administra- The phage can be applied in a liquid or a powdered form to 

tion for the phage is contemplated to be in the range of about food products and food processing equipment. If applied as a 

1 0^ to about 10 1 3 pfu/per kg/per day, and preferably about 20 liquid, the phage are applied at a concentration of 10 3 to 10 10 

1 & pfu/per kg/per day. The dosage of administration for the PFU (plaque forming units) per mL and preferably at a con- 

endolysin is contemplated to be in the range of about 2-2000 centration of I0 6 to 10* PR J (plaque forming units) per ml,, 

ng/per g/per day, and preferably about 20-200 ng/per g/per If applied as a dry powder the phage are applied at a concen- 

day. The phage, endolysin and/or host bactena containing the tration of 1 0 3 to 1 0 10 PFU (plaque forming units) per mg and 

endolysin are administered until successful elimination of the 25 preferably at a concentration of 1 0 6 to 1 0 9 PFU (plaque form- 
Listeria monocytogenes is achieved or until the amount of ing units) per mg. The phage can be suspended in a suitable 

!. isteria monocytogenes is substantially reduced. carrier prior to application or drying, including but not limited 

Ihe present invention also covers the use of the phages, to protein solutions containing BSA, casein, whey protein, 

endolysin and/or host bacteria containing the endolysin, soy bean protein, etc and sugar based carriers containing 

when used in combination with other anli-Listerial agents 30 sugars such as mannitol. The phage can be lyophilized or 

known in the art. Examples of such anti-Listerial agents, cryoprescrved by vitrification and either suspended in a solu- 

which are preferentially combined with phages, endolysin tion prior to application or applied directly as a dry powder 

and/or host bacteria containing the endolysin, include but arc Suitable amounts of phage for use in the present invention 

not limited to: can be obtained by techniques known in the art, including but 

1 Endolysins (Phage Lysins): 3S not limited to a batch techni <l ue where a culture of host 

The phage, endolysin and/or host bacteria containing the bacteri f ?, ^? ^ ieeded . W1 * 

endolvsin of the present invention can be combined with {0 t f™ ^ST? P P T^° D 

, . f l »u v i_ and bacterial lysis, the culture is further lysed by physical or 

hstenolysins which are enzymes which have been shown to . . 7 A A t , . J ~ J V ~ 

.... t , r . „ . . , . . , chemical means and the lysate spun down. The phage con- 

selectively control Listeria in food and the enviromnnent Afi # . . „♦ * . 7 . J. #• . , 

(OB43266 1 7C1 and EP 95932002 9) tairung supernatant can be used as is or further punfied using 

techniques such as ultrafiltration, chromatography and cen- 

2. Surface Disinfectants: trifugation. 

Ihe phage, endolysin and/or host bacteria containing the The endolysin can be applied in a liquid or a powdered 

endolysin of the present invention can be combined with form to food products and food processing equipment. The 

known surface disinfectants such as (i) preservatives of vari- 45 endolysin is applied in a concentration between 2 to 2000 ng 

ous kinds, such as but not limited to benzoic acid and 13HT; endolysin per ml or per gram of carrier, and preferably 

and (ii) various disinfectants with which the phages are com- between 20 to 200 ng endolysin per ml or per gram of carrier, 

patible, such as but not limited lo quaternary ammonium As used in the present application, the term "dairy product" 

compounds j s intended to include any food product made using milk or 

3 Antibiotics ™ products, including but not limited to milk, yogurt, ice 

' The phage, endolysin and/or host bacteria containing the crcam > cheese ' butter ' and cream - 

endolysin of the present invention can be used in combination As UStf d in the present application, Ihe term "meat product" 

with known antimicrobial agents (including antibiotics and ls intended to include any food product which contains animal 

chemotherapeutic agents) including but not limited to vanco- 55 lissue » including but not limited to beef, pork, and poultry, 

mycin, nisin, danofioxacin and neomycin. The term "ready to eat meat product" in intended to include 

any meat product which does not require cooking prior to 

4. Enzymes consumption, including but not limited to pates, hot dogs, 

ITie phage, endolysin and/or host bacteria containing the bologna, salami, and cold cuts, 

endolysinoftbe present invention can be used in combination As used in me present ap pii cauon> the term "fish product" 

with enzymes to aid in breaking up biofilms (e.g. biofilms fa imcndcd l0 ^ ^ which ^J^^ 

found m food processing ^equipment). Such enzymes are fro£n „ Uc animal bdudi but Q0 , limiled tQ tob 

known in the art and include but are not limited to polysac crab fresh \ ater and M|twater n % ^ other seafoods 

chandc depolymerase enzymes, and protease. . . , ... 

As used in the present application, the term "unpasteurized 

5 Surfactants 65 food product*' is intended to include any food product which 

The phage, endolysin and/or host bacteria containing the is prepared using unpasteurized primary ingredients and 

endolysin of the present invention can be combined with which does not undergo a final (listeriocidal) heat treatment. 
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As used in the present invention, the term "salad" is Cheeses were stored at 6° C. until PD+63 

intended to include any food product which contains mixtures LmC counts were analyzed at the time points indicated in 

of vegetables or fruits, and particularly such mixtures as are Table 1 . Analysis was done before treatment with phage, 

presented for consumers to choose from in a display com- Quantitatively: samples of 70 cm 2 were cut out of the 

monly referred to as a "salad bar". 5 cheese and analyzed on selective media. 

Qualitatively at CMD+ 1 and CMD+37 by enrichment pro- 

EXAMPTJi 1 ccdure. 

Qualitative/Quantitative analysis will depend also on the 

Eradication of Listeria monocytogenes in a Liquid Culture: lcvel of outgrowth of Listeria on the cheeses. I f cell 

Step 1. lO'CFUsofListeriamonocytogenesarcmixcdma 10 counts are > 10 ' no enrichments were done. If cell 

liquid culture. counts were lower, enrichments were done also before 

Step 2. 5xl0» PFU of phage P100 are mixed into the bquid packaging. 

culture. Furthermore analysis oi pH and technical flora. 

Step 3. As a control, the buffer in which phage PI 00 was Id one cheese at CMD+6, phage titers were determined 

suspended is mixed into an aliquot of the liquid culture. 1 5 before and alter application of phage. 
Step 4. Colony counts of the bacteria are performed at various 

intervals of lime. Results 

Results arc shown in FIG. 1. r j pe ning of the cheese was good, since yeast and 

c 20 Brevibacterium grew out well on the cheese and the cheese 

bXAMPLt 2 surface was de-acidified. 

.... , _ Listeria monocytogenes C grew well on the cheese surface 

A challenge expenment was done us.ng , istratn of ant- m ^ mode) (0 Qf CKlW jn ^ jye 

to ™ ™>»ocy<ogenes phage known as P100. m a cheese b (negative control: no phage applied) (FIG. 2). 

Z^^K ^ cx P enmum "^rfl '^ Cal » Asseenh^IG.J.phagePlWeompletelyi^ibitedgn.wth 

flora to achieve the surface-ripening qualities (taste, texture, rT ~ XT . ° , . . . T ' ... . ^ , . 

etc.)cbaracteristicofanestaW ofLmC N < ± S T° W3S using AequantiUtive plate 

ing process. Hie strain of Listeria monocytogenes ("LnT) or ™ ennchment. The detectton limit using 

i,Z™~ „ ~ , , . ■ ■ « • the enrichment procedure is in the order of magmtude of one 

known as strain C that was used in this experiment is a , . „ . * 2 in.« • j- , . . 7*7^ . . 

, V- , Listeria per 60 cm . llus mdicates that phage PI 00 not only 

conxmoncontam.nantofacenamcheese-malongpbn.. 3 o inhibited^rowth but actually reduced* listeria titers As 

Materials and Methods shown in FIG. 2 applying phage PI 00 to the surface of a 

Challenge Experiment on Cheese surface-ripened cheese completely prev^led outgrowth of 

The wperirnent was carried out on cheese taken directly ^ a ** **d been spied into the starter 

from the brine (unadjusted pH). 35 v r ' k/n ™ . • . 

Lm strain C, technical flora, and phage P 1 (X) were applied priori T mg 

on the cheese at t=0 by plating 210 uL or 1 mL of n>- Packaging day 

incubation mix on 64 cm 2 cheese surface. 1=0 is the same order 10 determme ,f P^B 08 can surv,v e 011 cheese 

as "CMD+1" (Cheese Making Day+1). Cheeses treated surface - ifl another ^ of lhe experiment (in which a high or 

with 1 mLsolution wcresubsequently dried in a laminar 40 a ^w dose ofphage was applied to the cheese surface), phage 

flow cabinet to dry the surface. The incubation mix Ulcrs were d^™™* 1 at CMD+6, before as well as after 

consisted of* application of phage. In all samples, phages had been applied 

1 1 0 g/L Nad a 1 CMD* 1 > CMD+2, CMD+3, and CMD+4. Therefore, in the 

Technical flora* samples taken before the application of phage (at CMD+6), 

Deharyomyces hansenii NIZO F937 and NIZO F1200 45 pnages had been present on the cheese for at least 48 hours. 

(yeasts) at 1 0* CFU/mL Active phages were recovered from the cheese surface at both 
Brevibacterium linens NIZO Bl 204 (a bacterium typical doses ( FIG - 3 > P**& titers of the samples taken before 
for red smear cheese) at 1 0 8 CFV/m\ . application of phage at CMD+6 were lower than the samples 
LmC corresponding to a concentration of 7 cfWcm 2 (di- after a PP licat >°a of P^ge. The increase in phage titer corre- 
cted in pfz from an exponential growing culture) so s P° nded weI1 with * e expected increase based on the dose 
Phage P100 (in MPOS buffer) at a concentration corrc- added eilhef 1x10 ^ cm or 5xl0 ^ IWcm 2 ). The 
spending to 1 xlO 7 pfu/cm 2 or 5x10 s PFU/cra 2 rcsu,ts show that P 1 *^ P10 ° remains actlve on & e chee s e 
See Table 1 for exact treatment combinations surface for at least several d^ 8 - 

The cheeses were incubated at 1 4° C. and 98%-99% re la- k ^ 

live humidity 55 EXAMPLE 3 
The cheeses were treated daily with 210 uL or 1000 uL 

washing solution that contains PI 00. at CMD+6, CMD+ Assay, Overexpression and Purification of Endolysins from 

1 0, and CMD+1 3 and 3 mL/70 cm 2 (treatment combi- £ coli JM 1 09(pHPLxxx) Plate Assay 

nation 4 and 5) 1 , prepare Listeria monocytogenes assay strain for activity 

The washing solution contained 60 testing: grow 1000 ml overnight-culture in tryptose broth 

1 10 g/L NaCl or trypticase soy broth, centrifuge, wash cells once with 

Brevibacterium linens NlZOB1204al If/ CFU/mL SM Bufler, pH 8.0 (see Sambrook et al. 1 989), (or PBS), 

Phage PI 00 (in MOPS buffer) at a concentration corre- and rcsu spend in 20 ml SM Buffer (or PBS) (approx. 

sponding to 1 10 7 PFU/cra 2 or 5 1 0 s PFU/cm 2 50-fold concentration) 

Cheeses were packed using parchment paper, a material 65 2. Store in 1 ml amounts at -20* C or at -80° C. 

that h used to pack Munslcr cheese, at CMD+1 6. 3. Streak or plate E. coli JM\ 09(pHPLxxx) on LB-agar (con- 

(CMD+I6 is packaging day (PD)) taming 100 ug/mi ampicillin), and incubate overnight. 
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4 When colonies are of sufficient size, prepare replica plate 
(with NC-filters) on LB- Amp plates supplemented with 1 
raM 1PTG. Incubate for 5-7 hours until small colonies are 
visible. 

5. lixposc surface of plate (upside down) to filter paper satu- s 
rated with chloroform, for 5 min. 

6. Quickly overlay the colonies with 3-4 ml of molten soft 
agar (0.4%, in SM Buffer, approx. 45° C), supplemented 
with 0.5 ml of a 50-fold concentrated I. monocytogenes 
culture (overlay should be thin, even, and quite turbid). 10 

I. Incubate at RT for 60 min (up to overnight), until clear lysis 
zones around colonies are visible, litis can take any time, 
from 5 minutes to 5 hours, (this is an important assay; it 
must work. Otherwise there might be a problem with the 
strain, or the activity testing procedure.) 1 5 

Production 

8. Prepare overnight culture of JM l09(pHPLxxx) in LB broth 
with 100 ug/ml Amp @ 30-35° C incubation. 

9. In the morning, inoculate 250 ml prewarmed broth with 1 0 
ml O/N culture, grow to OD600 of 0. 5-0.6. 

10. Induction with 1 mM IPTG, incubate for further 3-4 h 
until the growth rate begins to cease. 

I I . Harvest cells by centri rogation. resuspendpellct(s) in 5 ml 
per 250 ml culture PBS (pH 8.0) 0.05% Twccn20 or, if 2S 
downstream Ni — NTA purification is required, Buffer A 
(see below). Freeze cells at -20° C. 

12. Thaw cells. Prepare cell extracts by French-Press; cen- 
trifugation (>30000xg, 30 min); and filtration of superna- 
tant (0.2 um filter, preferably made from PES). Store the 30 
enzyme containing extract on ice (a few hours), or at -20° 
C. (note: sonication can also be used, but yields obtained by 
French-Press are generally much better). 

Photometric Activity Assay (OD 600) 

13. Use freshly grown, mid-to-end-of-log-phase-cells, or the 35 
previously frozen L monocytogenes cells from Step 1 
(above). Resuspend in PBS Buffer, pH 8.0, 0.05% Triton 
XI 00 (adjust OD to approx. 1.0-1 .5). Use half-micro plas- 
tic cuvettes (1 ml); add 900 u.1 cells, prewarm to at least RT 
but preferably 30-37° C, and add 50-100 ml enzyme. Tur- 40 
bidiry should drop to 0.5 or below within 5 minutes or less. 
This crude extract can be used for lysis of Listeria cells and 

release of chromosomal DNA, Plasmids, proteins and 
enzymes. However, it contains high amounts off. coli pro- 
teins, nucleic acid (DNA, RNA) fragments, ATP, and con- 45 
taminating pHPL vector. If this is not desirable, purify the 
enzymes by IMAC (see below). 

Purification 

14. Fractionation of crude extracts with Ni — NTA-Resin. The so 
procedure outlined in steps 8-11 is for liquid chromatog- 
raphy (FPLC or similar, see step 1 5). and is highly recom- 
mended. However, for small scale purification, it can also 
be performed in a more simple batch- type procedure;. Use 
approximately 3 ml resin (NiNTA Agarose) per 250 ml 55 
initial culture volume. After exposure of resin to proteins, 
carry out wash steps (in batches) by low speed centrifuga- 
tion (less than 500xg). After the last wash, harvest resin and 
aliquot in portions of 1-2 ml into small disposable plastic 
columns (available from BioRad and others); place into 1 5 r>o 
ml conical or round bottom tubes. Add elution buffer (ap- 
prox 1 ml) (100% B), let stand for 5 minutes, spin and 
collect liquid. Repeat elution 1 -2 times. Continue with step 
19. 

15. FPLC Purification: Prepare sufficient amounts of Buffer 65 
A (50 mM phosphate buffer, pH 8.0. 500 Mm NaCl, 5 mM 
imidazole) and Buffer B (same as A, but 250 mM tmida- 
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zole). Use imidazole gradient with Buffers A and B. I<oad 
extract (up to 40 ml=extract from 2 liters (8x250 ml) of 
culture) on Ni — NTA column (25 ml volume), Use a low 
flow rate (0.75 to 1.0 ml/min). If necessary, regenerate 
Ni— NTA resin (Ni— NTA Superflow) before purification 
of each individual enzyme by the procedure outlined in the 
handbook from Qiagcn. A new or regenerated column can 
be used for at least 5 runs. 

1 6. Wash with at 5 column volumes of 1 00% Buffer A (flow 
rate 2 to 3 ml/min) 

1 7. Wash with 3-5 column volumes of 1 2% Buffer B (total 
cone, approx. 35 mM Imidazole), until the baseline reading 
(@ 280 nm) is stable. This step will remove most contami- 
nating proteins (be aware that imidazole itself increases the 
reading at 280 nm !). 

18. Elute enzyme fraction with 250 mM Imidazole (100% 
buffer B). It is best to collect the peak manually (regarding 
the right shoulder of the peak, stop early — don't be fooled 
by the higher absorption of imidazole itself)- Store on ice. 
Do not freeze the freshly cluled fractions, the enzymes 
have a tendency to cold precipitate in the presence of high 
salt and imidazole! 

19. Check all eluted fractions by photometric activity assay 
(see above). 

20. Concentration and buffer-exchange (removal of imida- 
zole and high salt) of active fractions with centrifuge filter 
units (PES membrane, Mr cut-off 10 kDa). Pre-treat mem- 
brane with Lysis Buffer (PBS, pH 8.0, 0.05% Triton X 100, 
0.05%Tween20). Wash twice with 5 ml lysis buffer In case 
membrane gets plugged with protein, transfer to new filler 
unit. Filter— sterilize using a 0.2 um syringe filter (use PES 
membrane- Cellulose will retain much of the enzymes!). 
Alternatively, buffer exchange can be performed by dialy- 
sis of concentrated protein solution (PBS or Tris buffers, 
0.05% Tween20). We found that HPL1 1 8 (but not HPL5 1 1 
or HPL500) has a tendency to aggregate during prolonged 
dialysis. 

21. Check fractions by SDS-PAGE, estimate protein purity 
(Should be more than 90% pure), and protein concentration 
(typically in the range of 2-4 mg^ml). If the preparation is 
not of sufficient purity, try to wash column (Step 10) with 
15% Buffer B, and elute HPL proteins with 150 mM Imi- 
dazole (60% Buffer B), or 200 mM Imidazole (80% Buffer 
B) One can also "reload" the enure initial protein prep 
(dilute at least 10- fold before reloading, or dialyse to 
remove imidazole) onto the column, and perform a 2nd 
step purification using altered conditions, such as a pH 
gradient. Gel-filtration also further increases protein 
purity. However, this is certainly not needed for all stan- 
dard applications. 

22. Adjust concentrated enzyme solution to a final content of 
30-50% Glycerol, aliquot into 50-500 ul portions, store at 
-25° C. Under these conditions, enzymes are stable for 
several months. Freezing at -80° C. sometimes resulted in 
loss of activity. 

DISCUSSION AND CONCLUSION 

When Listeria monocytogenes bacteria were spiked onto 
the surface of a surface-ripened cheese along with the starter 
culture, applications of a sufficient dosage of Phage PI 00 to 
the surface completely eradicated the bacteria, as confirmed 
by enrichment studies (detection limit using enrichment: one 
Listeria CFU per 60 cm 2 of cheese surface). In all cheeses 
treated with phage (high or low concentration, one applica- 
tion or multiple), Listeria titers after treatment with PI 00 
were lower than in the controls. Listeria emerged only when 



Case 1 :09-cv-00726-CKK Document 1 -3 Filed 04/20/2009 Page 1 2 of 1 2 



US 7,438,901 B2 



13 



14 



phages were applied only once (instead of on multiple time 
points) or at low concentration. Phages can remain active on 
cheese for several days. 
We claim: 

1. A method for controlling listeria contamination of a s 
food product, food processing equipment, or a food storage 
container, comprising applying lytic phage PI 00, ATCC 
patent Deposit Accession No. PTA-4383, to said food prod- 
uct, equipment or container in an amount sufficient to reduce 
the amount of listeria, thereby controlling said Listeria con- to 
tami nation. 

2. The method according to claim 1, wherein said PI 00 is 
applied in combination with phage A5M, ATCC Patent 
Deposit Accession No. PTA-4608. 

3. The method according to claim 1, wherein said lytic 15 
PI 00 phage is applied in combination with at least one addi- 
tional agent selected from the group consisting of iisleriol- 
ysin. a surface disinfectant, an antibiotic, a surfactant, an 
enzyme, and a phage that ly ses a contaminating bacteria other 
than Listeria monocytogenes. 20 

4. The method according to claim 1, wherein said food 
product is a dairy product. 

5. The method according to claim 1, wherein said food 
product is an unpasteurized food product. 

6. The method according to claim 1, wherein said food 25 
product is a meat product. 

7. The method according to claim 6, wherein said meat 
product is a ready to eat meat product. 

8. The method according to claim 1, wherein said food 
product is a fish product. 30 

9. The method according to claim 1 , wherein said container 
is a salad bar and said food product is salad 

10. The method according to claim 1, wherein said food 
processing equipment is selected from the group consisting of 

(i) rube through which milk is being pumped, 35 

(ii) a high-salt content tank for processing cheese, 

(iii) a container from which cultures are applied to a surface 
of a cheese. 



(iv) a set of shelves on which a product is dried and cured, 
and 

(v) a floor drain. 

11. The method according to claim 1, wherein said lytic 
PI 00 phage is applied by mixing the phage with a liquid or 
semi -sol id food product. 

12 The method according to claim 1, wherein said lytic 
PI 00 phage is suspended in a liquid and sprayed onto a 
surface of said food product, equipment or container. 

13. The method according to claim 12 wherein said lytic 
PI 00 phage are sprayed onto said food processing equipment 
surface in combination with an agent selected from the group 
consisting of lislcriolysin, a surface disinfectant, an antibi- 
otic, a surfactant, an enzyme, and a phage that lyses contami- 
nating bacteria other than listeria monocytogenes. 

14. The method according to claim 1, wherein said lytic 
P100 phage is lyophilizcd or cryoprcscrvcd by vitrification 
and applied in a dry form to said food product, equipment or 
container. 

15. A composition comprising an isolated PI 00 phage, 
ATCC Patent Deposit Accession Number PTA-4383 in a car- 
rier. 

16. The composition according to claim IS, further com- 
prising, in said carrier, an isolated A51 1 phage, ATCC Patent 
Deposit Accession Number PTA-4608. 

17. The composition according to claim IS, farther com- 
prising an agent selected from the group consisting of listeri- 
olysin, a surface disinfectant, an antibiotic, a surfactant, an 
enzyme, and a phage that lyses contaminating bacteria other 
than Listeria monocytogenes. 

19. The composition according to claim 15, wherein said 
carrier is a pharmaceutical ly acceptable carrier. 

19 An isolated PI 00 phage as deposited at the American 
Type Culture Collection, ATCC Patent Deposit Accession 
Number PTA-4383. 



